Introduction
Synthesis of advanced and highly engineered functional biomaterials based on polysaccharides is of increasing interest due to the need to replace products and materials derived from the petrochemical industry. In this regard, cellulose as the most widely available biopolymer provides excellent prospects as a starting biopolymer due to its high structural uniformity, being a -1 4 linked glucan and due to the high number of functional groups (three reactive OH moieties per repeating unit) [1] [2] [3] . A promising approach in this context is the addition of dendritic structures to the polymeric backbone. Recently, various attempts were made to synthesize cellulose derivatives that combine the valuable properties of both the biopolymer and the dendron [4] . Many possible application areas can be envisioned with these dendritic cellulose derivatives, e.g., in cosmetics, as biosensors, and for controlled drug release. In these application areas, aqueous systems are preferred; therefore, the dendronized cellulose derivatives should be soluble in water. A proposed procedure in this regard is carboxymethylation, affording water soluble products based on cellulose even with a rather low degree of substitution (DS) of 0.4 [5] . Carboxymethyl cellulose (CMC) has been well investigated in part due to being the most important commercial ionic cellulose ether [5] .
Water soluble dendronized cellulose was synthesized by the conversion of the carboxyl moieties of CMC with amino-triester dendrons (Behera's amine) by divergent polymer analogue synthesis [6, 7] . The products obtained were characterized by thermogravimetric analysis and intrinsic viscosity. However, the decrease of intrinsic viscosity found after the attachment of the dendrons is attributed to the conversion of the sodium carboxylate moieties, resulting in a decrease of charge of the polyelectrolyte and a decrease of the degree of polymerization due to the high number of reaction steps. Thus, the influence of the dendritic structures on the hydrodynamic behaviour of the cellulose derivatives has not been clarified.
In addition, due to the divergent synthesis of the dendritic structures at the polymeric backbone no complete conversion can be ensured and thus, the number of imperfections increases resulting in uncontrolled properties [8] .
Our studies are focused on alternative paths including nucleophilic displacement (S N )-and 1,3-dipolar cycloaddition reactions that afford novel products, which are not accessible via the most commonly used reactions, e.g., esterification and etherification [9, 10] . In this regard, 6-deoxy-6-azido cellulose, obtained via an S N reaction starting from p-toluenesulfonic acid esters of cellulose (tosyl cellulose), was modified with polyamido amine (PAMAM) dendrons possessing an ethynyl focal moiety via the copper-catalyzed Huisgen reaction (1,3-diploare cycloaddition) both under homogeneous and heterogeneous conditions [11, 12] . Furthermore, the introduction of different functional groups, e.g., azide-and carboxymethyl moieties in the cellulose backbone should allow a simple method to design water soluble dendritic cellulose derivatives.
In the present study, water soluble carboxymethylated deoxy-azido cellulose derivatives with propargyl-polyamido amine dendrons via the copper-catalyzed Huisgen reaction. The novel water soluble dendritic cellulose derivatives were characterized in detail by FTIR-and NMR spectroscopy. Information on the influence of dendronization of cellulose on the hydrodynamic behaviour and the overall conformation was obtained by sedimentation velocity in the analytical ultracentrifuge, size exclusion chromatography coupled to multiangle laser light scattering (SEC-MALLS) and viscometry.
Experimental Part Materials
Cellulose (Modo 500, Modo Paper Domsjö, Sweden, degree of polymerisation, DP 500) was dried under vacuum at 110 °C for 3 h before use. p-Toluenesulfonyl chloride was purchased from Merck. Dimethyl sulfoxide (DMSO), LiCl, CuSO 4 *5 H 2 O, sodium ascorbate, sodium hydroxide, ethylenediamine, methylacrylate, 2-propanol and propargyl amine were Acros products. N,N-Dimethyl acetamide (DMA), sodium chloroacetate and sodium azide were obtained from Alfa Aesar. All reagents were used without further purification.
Measurements
FTIR spectra were recorded on a Nicolet Avatar 370 spectrometer using the KBr-technique. 
Sedimentation Velocity in Analytical Ultracentrifuge
Sedimentation velocity experiments were performed using the Beckman Optima XLI Analytical Ultracentrifuge (Palo Alto, USA). Sample solutions (390 µl) of different concentrations (0.1-3.0 mg/ml) and phosphate buffered saline 0.1 M, pH 6.8 (400 µl) were injected into the solution and reference channels respectively of a double sector 20 mm optical path length cell. Samples were centrifuged at 45,000 rpm at a temperature of 20.0 ºC.
Concentration profiles and the movement of the sedimenting boundary in the analytical ultracentrifuge cell were recorded using the Rayleigh interference optical system and converted to concentration (in units of fringe displacement relative to the meniscus, j) versus radial position, r [13] . The data was then analysed using the ls-g*(s) model incorporated into the SEDFIT program [14] . This software, based on the numerical solutions to the Lamm equation, follows the changes in the concentration profiles with radial position and time and
generates an apparent distribution of sedimentation coefficients in the form of g*(s) versus s T,b , where the * indicates that the distribution of sedimentation coefficients has not been corrected for diffusion effects [13] .
As sedimentation coefficients are temperature and solvent dependent, it is conventional to convert sedimentation coefficients (or their distributions) to the standard conditions of 20.0 ºC and water using the following equation [15] . To account for hydrodynamic non-ideality (co-exclusion and backflow effects), the apparent sedimentation coefficients (s 20,w ) were calculated at each concentration and extrapolated to infinite dilution using the following equation [15, 17, 18] 
where k s (ml/g) is the sedimentation concentration dependence or "Gralén" coefficient [17] .
Methods
The p-toluenesulfonic acid esters of cellulose (tosyl cellulose, degree of substitution, DS 0.58, 0.83, and 1.04) were synthesized homogenously in DMA/LiCl according to reference [19] . 6-Deoxy-6-azido cellulose samples (DS 0.58, 0.81, and 1.01) were obtained by a nucleophilic displacement reaction as described in reference [20] . The preparation of the propargylpolyamidoamine (PAMAM) dendrons of first to third generation was carried out as described in reference [21] .
Carboxymethyl Deoxy-Azido Cellulose, General Procedure 
Results and Discussion
Deoxy-azido cellulose is soluble in polar aprotic solvents, e.g., in N,N-dimethyl formamide, N,N-dimethyl acetamide and dimethyl sulfoxide, but it is completely insoluble in water. It is very well known that carboxymethylation of cellulose yields water soluble carboxymethyl ethers [5] . Thus, it seems to be appropriate that water solubility of deoxy-azido cellulose by carboxymethylation of the remaining hydroxyl groups was experimentally realized for the first time in this work (Scheme 1).
Carboxymethyl Deoxy-Azido Cellulose
Prior to etherification, the preparation of deoxy-azido celluloses (2a-c) with degree of substitution (DS) in the range from 0.58 to 1.01 was carried out by nucleophilic displacement (S N ) reaction of p-toluenesulfonic acid esters of cellulose (tosyl cellulose) with azide moieties under usual conditions. By adjusting the DS of tosyl moieties lower than 1, the tosylation reaction occurred mainly at position 6 [19] and thus, regioselective deoxy-azido cellulose derivatives can be obtained. Subsequently, the deoxy-azido cellulose samples were activated with 22 wt% aqueous sodium hydroxide and allowed to react with 6.1 mol sodium monochloroacetate per mol anhydroglucose unit (AGU) under heterogeneous conditions applying 2-propanol as slurry medium (Williamson etherification, Scheme 1).
((Scheme 1))
A decrease of both the concentration of NaOH and the molar ratio of sodium monochloroacetate to AGU yielded water insoluble products. The determination of the DS of carboxymethyl moieties introduced was carried out by conductometric acid-base titration [22] . It can be seen in Table 1 (( Table 1 ))
The determination of the structure of the water soluble carboxymethyl deoxy-azido cellulose derivatives (3a-c) was carried out by FTIR-and NMR spectroscopy. The carbonyl signal of the carboxymethyl group (sodium salt) can be observed at 1 602 cm -1 . The increasing in the signal at 2 921 cm -1 is due to the increasing number of CH 2 moieties resulting from the carboxymethyl moieties. The azide moiety gives a signal at 2 113 cm -1 in the FTIR spectrum.
A typical, well resolved Decomposition of PAMAM dendrimers due to the presences of different copper species was shown to occur after several months upon standing [24, 25] . In order to avoid decomposition of the PAMAM-system due to Cu(II), the removal of the catalyst is required [24, 25] . Thus, the removal of the copper-catalyst after the reaction completed should avoid fragmentation of the PAMAM dendron. Therefore, to remove the copper ions, we applied sodium 
Size Exclusion Chromatography coupled to Multi-Angle Laser Light Scattering and a

Differential Pressure Viscometer (SEC-MALLS-DPV)
Weight average molecular weight, M w and intrinsic viscosity, [η] are shown in Table 2 .
Dendronization leads to polymers of decreased intrinsic viscosity, which was not expected.
Due to the increase of bulkiness with increasing generation an increase of the intrinsic viscosity was assumed. In the carboxymethyl deoxy-azido (3a-c) series, an increase of M w from 72,000 g/mol for 3a (DS Azide 0.58, DS CM 1.37) to 105,000 g/mol for 3c (DS Azide 1.01, DS CM 1.01) is reflected by an increase in intrinsic viscosity indicating similar conformations.
However, for the dendritic carboxymethyl 6-deoxy-(1-N-[1,2,3-triazolo]-4-PAMAM)
cellulose series (first to third generation), no such correlation can be seen. The intrinsic viscosity is essentially independent of M w possibly indicating a compact structure.
(( Table 2 ))
Sedimentation Velocity in Analytical Ultracentrifuge
Sedimentation coefficients, (s 0 20,w ) and their concentration dependencies (k s ) are shown in Table 2 . Due to the low concentration of sedimenting materials, it was impossible to estimate k s for samples 3a, 3c and 9, however, for the purposes of further analyses it was assumed that 3a and 3c have the same k s as 3b (195 ± 15) ml/g and that 9 has an average value (185 ± 45) ml/g.
The trend in molecular weight dependence of sedimentation coefficient is the opposite of that observed for intrinsic viscosity. In carboxymethyl deoxy-azido cellulose series (3a-c), there is little or no molecular weight dependence, whilst for thecarboxymethyl 6-deoxy- 
Conformational analysis
Knowledge of molecular weight, sedimentation coefficient (and its concentration dependence) and intrinsic viscosity allows the estimation of gross solution conformation using various different methods including:
1. The translational frictional ratio, f/f O [28] 2. Combined Analysis method (HYDFIT) [29] 3. Sedimentation conformation zoning [30] The translational frictional ratio, f/f O The translational frictional ratio [28] f/f O is a parameter that depends on molecular weight, conformation and molecular expansion through hydration effects. It can be measured experimentally from the sedimentation coefficient and molecular weight: where the partial specific volume for a cellulose derivative, v = 0.715 ml/g. The frictional ratio (Table 3) varies from 3 -5 indicating either a random coil or semi-flexible coil conformation for each of the 6 polymers. It is likely that the differences in frictional ratios are due to differences in molecular weight and not conformation as in general the higher frictional ratios correlate with higher molecular weights.
((Table 3))
Combined Analysis method (HYDFIT)
The linear flexibility of polymer chains is represented quantitatively in terms of the persistence length, L p of equivalent worm-like chains [31] . The persistence length is defined as the average projection length along the initial direction of the polymer chain. In theory for a perfect random coil L p = 0, and for the equivalent extra-rigid rod L p = , although in practice limits of ~ 1 nm (e.g. pullulan) and 200 nm (e.g. DNA) are more appropriate [32] .
Chain persistence lengths, L p can be estimated using several different approaches using either intrinsic viscosity [33] [34] [35] [36] or sedimentation coefficient [37, 38] In this procedure as defined in references [29] , ∆ is calculated using equivalent radii (or the ratio of equivalent radii), where an equivalent radius is defined as the radius of an equivalent sphere having the same value as the determined property. These 'determined properties' include the translational frictional coefficient, f (calculated from either the diffusion or sedimentation coefficients), intrinsic viscosity, [η], radius of gyration, R g,z or the rotational relaxation time, τ .
In the present study, it was of interest to get information about the equivalent radii resulting from the sedimentation coefficient, i.e., from translational frictional coefficient (a T ) and from the intrinsic viscosity (a I ).
where η 0 is the viscosity of water at 20.0 ºC, and 
Sedimentation Conformation Zoning
The sedimentation conformation zone [30] 
and M L the mass per unit length for each derivative is taken as calculated by HYDFIT.
Both the translational frictional ratio and the persistence length indicate that the carboxymethyl deoxy-azido cellulose series (3a-c) and the dendritic carboxymethyl 6-deoxy-
(1-N-[1,2,3-triazolo]-4-polyamido amine) cellulose series (5, 7 and 9) have either a random coil or semi-flexible coil conformation. The sedimentation conformation zoning plot ( Figure   6 ) confirms that all 6 samples fall into Zone C (semi-flexible coil) which is consistent with another cellulose derivative -methyl cellulose albeit of much larger persistence length [39] .
(( Figure 6) )
Conclusion
The heterogeneous conversion of deoxy-azido cellulose with sodium monochloroacetate in the presence of aqueous NaOH applying 2-propanol as slurry medium leads to water soluble use different synthesis path including the variation of the peripheric groups of the dendron.
Studies on the application of these novel biopolymer derivatives are under investigation. . The sedimentation conformation zoning plot (adapted from [30] 
